Multiplicity measurements at COMPASS
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Nucleon structure

Proton structure Spin structure

» 3 valence quarks _ _ _
- Gluons AT = [[(AuCx)+ Au(x)) + (Ad(x) + Ad(x)) + (As(x) + As(x))| d

» Sea quarks
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Deep Inelastic Scattering

Oy —01q ~ Zq eiA q (X’QZ)

A (x,Q%) = gt Zq e.q(x,Q’)

Inclusive deep inelastic scattering (DIS)
IN-I'N +X

SIDIS sensitive to PDF and FF

|
l\'/l/ Q’ : photon virtuality (v*)
Kinematic variables | x: Bjorken scaling variable

. Inelasticit

- + y y

n Cross section o ~ PDF(x,Q")
D Semi inclusive deep inelastic scattering (SIDIS)

IN->I'Nh +X
N PDF) X Kinematic variables z: Fraction of energy
/
Cross section 0 ~ PDF(x,Q): [Di(z,Q?)

2, %44(x,Q")D;(2,Q)
>, &a(x,Q")D;(z,Q’)
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COMPASS new 2011 proton data: 200 GeV muon beam
— lower x, higher Q?, improve statistics on proton, Bjorken sum rule
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New world data on g,P4(x, Q?)
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Polarized PDF from SIDIS

* Inputs needed for the extraction of Aq(x, Q%:

2 2\ph 2 . e . - 2 -
ARGy 5 ) = Zq quAq(x,? )l:q(z,? ) Unpolarised PDFs ( q(x. Q) ) — MRST04
Zq qu(X,Q )Dq(Z,Q ) . th(z. Q%) — DSS parameterisation

PRL 101 (2008) 072001; PR D80 (2009) 034030
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Leading Order (LO) fit of the 10 asymmetries (5d+5p)
Determine 6 flavor separated PDFs |Au, Ad, Au, Ad, As and As

Good agreement between COMPASS data and DSSV parametrization, but...
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Strange quark polarization

Contribution from strange quark to nucleon spin:  AS = T(As(x)+A§(x))dx

Xmin

DIS data + semi leptonic decay of baryons:
AS =-0.08+0.021£0.02

XA(s +3)(x, Q)

Phys. Lett. B 647 (2007) 8 - il | FEEN
Y (2007 *9°| [ NNPDFpolt.0
0.06—| reeweea
- | S5 pssvos
,0.04—
DIS + SIDIS data: f".ooz:_
AS =-0.02+0.02+0.02 E ob
(4]
ﬁ-0.02

Phys. Lett. B 693 (2010) 227
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Strange quark polarization

LO analysis of deuteron data of COMPASS, @°=3 GeV? 0.03

n 002 DSS: R =66 ——— LSS06 (DIS)
< E . 0.02} ——LSS10 (DSS FFs)
——— LSS11 (HKNS FFs)
0.01
0.00
-0.01¢
B stat. uncert. (incl. DIS), published
=== stat. uncert. (SIDIS+DSS), prelim .0.02+
g Urcert duetoR xA§
e b b e b 0.03 0.61 0:1
2 3 4 5 6 7 X
SF .
Phys. Lett. B 680 (2009) 217 DE LSS: ArXiv:1103.5979
Ry = =
SF K
Du

AS extracted from SIDIS depends strongly on choice of FF used for K:
HKNS, DSS, AKK, ..... they differ strongly for DX

— need for more SIDIS data to better constrain K FF
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Reactions sensitive to FF

Acces to FF possible via high energy reactions:

e'e annihilation Hadron-hadron collision Lepton-hadron collision

(into hadrons) (RHIC, Fermi Lab, ..) (COMPASS, HERMES, JLab)

(Belle & BABAR) - High precision data - High precision data

* High precision data - Flavor/charge separation * Flavor/charge separation

* No dependence on PDF - Sensitive to gluon FF - Access larger z

* Access to singlet - Dependence on PDF « Study of hadronization
combination only process
(D,=D"+D"+D"+...) « Dependence on PDF

+ 14 e’

D (2

December 12, 2013 Claude Marchand - IIFF 2013 9



Compass setup 2002-2011

Beam: 160 (200) GeV ¥, pol. 80%

Fixed target at CERN E—
°LiD target (2006)

Two stage spectrometer

Tracking and patrticle identification

High acceptance Magnets

* * * * *
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Particle ID (RICH)

Photon
Detectors

__incoming Part

Beam

\

Beam Pipe

Radiator Gas

CaFi10

Separate mr, Kand pin a
high-intensity environment
Covers full spectrometer acceptance

Mirror system ~ 22 m®

Photon detection system:

MWPC + MAPMT

December 12, 2013

10 20 30 40 50 60
p(GeVic)

Particle identification algorithm
» Photon trajectory reconstruction -

® measured
CH

» Maximum likelihood estimator
- 5 mass hypothesis (e, y, m, K and p)
- Background hypothesis
« Maximum of 6 likelihood - good hypothesis
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Hadron multiplicities in SIDIS @

+

Relevant observables: Hadron Multiplicities

dN"[dz  Tqel[q(x,0%)D}(z,0%) +g(x,0*) D) (z,0%)]
Npis Y, ellq(x,0%) +g(x,0%)]

M*(x,0%2)=

Knowledge of unpolarised PDFs essential
= u(x), d(x) well known
= s(x) poorly known < can be accessed from hadron multiplicities

Kinematic dependence on x, Q?, z: Flavor separation:
-> Binning in x, Q?, z required -> Particle identification required
- High statistics needed

\ J
|

Requirements fulfilled by COMPASS

in the kinematic domain
Q?>>1GeV?, W>5GeV,0.1<y<0.7,0.004<x<0.7, 0.2<2<0.85
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Multiplicity measurement

Nh
~ Npis Az

Acceptance correction

o Simulate DIS events with physics
generator (LEPTO) => M

M

Particle identification

o Measure identif./misidentif.

Probability matrix

o Simulate the detector response

using GEANT toolkits and
reconstruct data => M.
o Estimate acceptance correction

17[ Pﬂ 4
Ik |=| Pk
Iy PP

PK s ppon I:t
PK 'K pp 'K Tk
pK=p  ppop T,

’

factor for limited geom. and

reconstruction efficiency

a= Mrec/Mgen
o Correct real data:
Mraw
M... =
Cor a

December 12, 2013

And unfold data
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RICH efficiency matrix

| Armenteros diagram |

Use pure sample of 11, K, p from decays:

K*—=Trt11”
O-K*K-
A—>TTp

*Momentum range: 10-40 Gev/c (10 bins)
*Angular range: 0.01-0.12 rad (2 bins)

“lllllllllllllllllll

d—-K*hs —K*K-

Everts {0001

8 T

o 1 L2 L4 L6 L8 11 a2 oS8 1 102 104 106 108 11 a2

Irvariark mass ek Irvariant mass ek
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Possible extraction of FF

Use symmetries to reduce number of independent FF

TT 7'ri K :t
Df{w - Df(w Dfa'u - D]{(gv
+ +
= DZZ — Dzr . . . K+ . {(_
~?_isospin =D, =Dq
=DI =Dj
. +
C.C. D, =D,
— D" = i~
+ K Ki
™ _ s D — D
Pions: Dung = Dung Kaons: ot un.{ +
=D =Df = D" = p¥f
_ _ o K-
= D7 = D7 = Df" = pi"
+ K Kkt
D;Tlu = D;Tlu Dglu = Dglu
— K+ K-
= ;I'+ = D;r pr Dg _= Dg
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Possible extraction of FF

=?In case of deuterium target, T multiplicities reduce to following formula:

(4(u+d)+ud+d)Dg,, + (u+d+4(a+d) +2(s + 5)) D¢
50 + 28

(u+d+4(a+d)Dhy + (4(u+d)+a+d+2(s+5))Dhys
59 + 28

M™ (20 + dz, Q) =

M™ (29 +dz,Q%) =

O=w+u+rd+d);S =(s+5)

« For each (x,y,z) bin, 2 equations with two unknowns — Dx,,(X,y,2), D «(X,Y,Z)
» Or do a global fit with known parametrizations for D" (usually: z®.(1-z)P):

- fix parametrization at input scale (e.g. Q,°=1 (GeV/c)?)
- evolve FF using DGLAP equations (e.g. Hirai-Kumano, 1106.1553)
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DSSP snapshot: COMPASS pp multiplicities
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Kaon multiplicities
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Sensitivity of M to strange FF D *

085 . B Q(x)ng(z)dz+S(X) / D& (z)dz
» MK +K (X,Z)dZ— SQ(X)+2S(X)

0.85
—> K= +K- _1 / K S(x) K )
2S(x)<<5Q(x) Jo2 M (x, 2)dz 5 ( Dg(z)dz + QAx) Ds (z)dz

Directly related to strange PDF and FF of strange quark into K
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Tension with HERMES?

solves tension for As between DIS & SIDIS ? more work needed
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Hadron multiplicities vs p-2

Differential SIDIS cross-section

d*n"*(z, p}.xp;. Q)

AN (2, p7.xpj. Q%) (AzApT Axg;AQ?)
dzdpy

Axg;AQ? A’NH (xp;. Q%) /(Axg;AQ?)

SIDIS data collected in 2004 with °LiD target

Kinematic range 23 x, Q2 intervals

L QZ >1 GeV2 r)_\ e - T
* 0.1<y<0.9 2 8
- W>5GeV Z I
9 =
Multi-dimensional analysis: 'Ql

23 x, Q2 intervals
8 z bins and 40 p;? bins

4-dimensional acceptance correction
5% systematic uncertainties
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Hadron multiplicities vs p+

EPJC 73(2013) 2531
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Work ongoing to extract same observables from 2006 data with Particle identification
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Hadron pair multiplicities

Main motivation:
transversity from hadron pair transverse spin asymmetry (measured at COMPASS)

Interference fragmentation functions
hl (22) qu Q(z "m,COS 0)
1! (z) D{(2,Mf,, cos6)

Unpolarised di-hadron
fragmentation functions

|P1—P2| z
2Mim; Zq

singrs __
AUT

Experimentally measured
asymmetries

%-1 o'fF M, =[0.30,0.52] § v € [0.52,0.75] - M,,, = [0.75,1.50]
s s ® .
= ) 4 B
> s L] .
= “ .
102} ¢ L § . | 4
N 2 i
o .
A L]
jui
107} o ! ! R
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1
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1
z

Significant M., and Z=zZ,+Z, dependences (as expected)
Weak Q2 dependence
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Summary

» Preliminary results on hadron multiplicities

>

o Broad kinematical ranges
o 3-Multidimensional binning
o ldentified pions and kaons

Improved kaon identification with reduced systematic errors
with ongoing studies to reduce systematics

» Stable FF fits for pions (eg DSS)

>

>

December 12, 2013

First measurement of unidentified hadron pair multiplicities for the
perspective of extracting Dihadron fragmentation functions

More high precision measurement on the list
» P;2 dependent pion and kaon multiplicities in (x,Q2,z) bins
= |dentified hadron pair multiplicities in (z,Q?,M. ) bins

nv
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